INTRODUCTION
Human cervical mucus consists of a phase composed of glycoproteins and an aqueous phase. The glycoprotein phase is viscous and forms a matrix, in which the aqueous phase is dispersed. Both phases play an important role in the functioning of cervical mucus [ 11. An important function of cervical mucus is the regulation of the access of the spermatozoa to the uterus. The mucus takes care of the carriage, feeding and protection of the spermatozoa. During the menstrual cyclus the percentage of the aqueous phase fluctuates. At the time of the ovulation it is approximately 98% but shortly after ovulation it decreases to 90% and the mucus becomes more viscous so that the penetration of the spermatozoa through 0378-4347/88/$03.50 the mucus is hampered. These changes in the properties of the mucus are controlled by hormones. Oestrogens stimulate the excretion of mucus with a high water content whereas progesterone stimulates the excretion of viscous mucus.
Abnormalities of the cervical mucus can be an important cause of infertility. Much research has been carried out on the structure and the functioning of the viscous phase, the glycoproteins. Through cross-linking of the glycoprotein sidechains a network is formed. Depending on the phase in the cycle, the density of this network varies. Wolf et al. [ 2 ] studied the viscoelasticity of the mucus during different phases of the menstrual cycle and Yurewicz and Moghissi [ 3 ] and Carlstedt et al. [ 4 ] studied the saccharide side-chains and the amino acid composition of the proteins.
Less research has been carried out on the composition of the aqueous phase. Kopito et al. [ 1 ] examined the electrolyte composition of this phase, determining sodium, potassium, calcium, magnesium, zinc and copper. Not only electrolytes but also lipids, trace metals, enzymes and prostaglandins have been determined [ 5 1. Some of these components are important for the structure and functioning of the mucus. For example electrolytes may influence the intermolecular or intramolecular interactions between glycoproteins and through this the viscoelasticity and the density of the mucus.
Not all components of cervical mucus relating to infertility have been investigated. We have examined the aqueous phase of the preovulatory cervical mucus of fertile women and women with unexplained causes of infertility. These infertile women have normal ovulatory cycles, normal patent tubes, normal spermmucus interaction in the post-coitum test, normal sperm counts and sperm mobility and regular intercourse.
The aqueous phase was analysed by high-performance liquid chromatography (HPLC) and capillary isotachophoresis (ITP). These are powerful techniques that give complementary information. Components such as nucleosides, purines, amino acids and other low-molecular-mass UV-absorbing or fluorescent components can be determined by HPLC and ionic components by ITP. Automated HPLC equipment can process approximately 75 samples per week. The ITP analysis is not automated, but in two separate 20-min runs anionic and cationic components can be analysed.
In this study we compared the HPLC and ITP profiles of cervical mucus from ten fertile women and eleven women with fertility problems.
EXPERIMENTAL

Sample collecti4m
Cervical mucus was aspirated with a sterile, dry tuberculine syringe from the cervical canal of women in the preovulatory phase of the menstrual cycle as assessed by ultrasound follicle imaging. Contamination with vaginal secretions was avoided. The syringes with aspirated mucus were kept at -20°C until processed.
Sample pretreatment
The sample was removed from the syringe by adding a known amount of water and transferred to a plastic ultrafiltration unit (Amicon Centrifree micropartition system; Amicon, Danvers, MA, U.S.A. ) that had been weighed. After adding the sample the filter unit was weighed again. From these data the amount of cervical mucus was calculated,
The concentration of a component is expressed as relative peak height (HPLC ) or zone length (ITP) per gram of cervical mucus.
The aqueous phase was separated from the glycoprotein phase by ultrafiltration by centrifuging the samples in the filter units in a centrifuge at an angle of 45' for 30 min at 2000 g.
Isotachophoresk
The ITP analyses were carried out with laboratory-made equipment as de- 
High-performance liquid chromatography
After the ITP analyses the original sample was diluted 1:l with a solution containing 0.027 mg per 100 ml of naphthalenesulphonic acid (Fluka, Buchs, Switzerland), which served as an internal standard. The HPLC equipment [ $1 will be described briefly. The analysis started with 0% methanol increased linearity to 60% within 45 min. After the analysis the concentration of methanol was increased to 100% to regenerate the column, then decreased to 0% for the next analysis. The flow-rate was 1.0 ml/min. One analysis, including regeneration, took 1.5 h.
The components were quantified by measuring the ratio of the peak height to that of the internal standard. Fig. 1 shows typical isotachopherograms of two samples of anions, one sample from the fertile group and one from the infertile group. The differences between the two samples, especially zone 3, are remarkable. The zone between zones 1 and 2 in Fig. 1B were found only in this sample and it was not quantified. The zones indicated with numbers were measured and the median and range for each group were calculated (Table II) . It is seen that the ranges are fairly large. Possible explanations are differences in the time interval until ovulation between mucus samples, differences in mucus composition from differences in ovarian activity, inter-individual differences or a factor in cervical mucus related to a disturbed metabolism.
RESULTS
Zone 3 has been identified as lactate. Zone 3 did not absorb in the UV region and had both in the mentioned pH 6 system and in a pH 3 system the same relative step height as lactate. The concentration of lactate in the sample was also determined using a specific enzymatic reaction. With lactate dehydrogenase lactate was converted into pyruvate simultaneously with the conversion of NAD+ into NADH. The concentration of NADH was determined by measuring the absorbance at 340 nm. The concentration of lactate in the aqueous sample determined by ITP and by the enzymatic method were 10 and 11.6 mmol/l, respectively. Fig. 2 shows the concentration of lactate for each sample. It is seen that the concentration of lactate of samples 12,14,16,17,1&l and 19 of the infertile group is clearly higher than that of lactate in samples originating from the fertile group. Lactate is an end product of the carbohydrate metabolism. It has been reported that with cows an abnormal carbohydrate metabolism in the mucus may be an important cause for infertility [9] . Especially glucose, fructose, sorbitol, lactate and glucuronate are important components in this metabolism [9, 10] . With ITP, however, only lactate can be determined. It was expected that with ITP glucuronate could also be determined but the concentration of glucuronate in preovulatory cervical mucus was below the detection limit. We are currently investigating the use of gas chromatography for the analysis of non-ionic carbohydrate components and glucuronate. Fig. 2 shows that lactate may be an indicator of carbohydrate metabolism.
In Table II the median concentrations of K+, Na+, Ca2+ and Mg2+ are also given.
In Fig. 3 chromatograms of a sample from the fertile group and of a sample from the infertile group are compared. Several peaks have been identified (Table  III) . These components belong to the following classes of substances: nucleosides (pseudo-uridine), purines (uric acid, hypoxanthine) and amino acids (tryptophan, tyrosine). The numbered peaks have been quantified and Table III shows Six of the eleven infertile samples have values for several components that differ from those for the fertile samples, e.g., lactate. It must be stressed that women were placed in the infertile group when no causes had been found for their infertility. For some of the infertile group a possible explanation might be a disturbed metabolism in the cervical mucus. For others causes other than disturbances in the cervical mucus or endometrium are possible.
CONCLUSIONS
Human cervical mucus is a complex matrix in which many components of different size and structure can be found. Cervical mucus plays a role in fertility but not all disturbances at the level of cervical mucus have been clarified. The HPLC and capillary ITP techniques presented have been found to be suitable for the analysis of the aqueous phase of human cervical mucus. These techniques provide information about substances with relatively low molecular masses, related to carbohydrate, nucleotide, nucleoside and amino acid metabolism.
Altogether, 34 compounds have been quantified: seventeen UV-absorbing and eight fluorescent components, five anionic and four cationic components. These components were determined in ten samples from fertile women and eleven samples from women with fertility problems. In both groups the median and ranges were calculated for each component. The median concentrations of several components were higher in the infertile group than in the fertile group. Six of the eleven samples from the infertile group have different values for several components compared with the fertile group. These differences may indicate disturbances in the biochemical processes in the cervical mucus. The high concentration of lactate in the infertile group, for example, may be an indication of a disturbance in glycolysis.
For the investigation of other biochemical pathways it will be necessary to identify more components and to analyse more samples. Especially the variation in the concentrations of several components during the menstrual cycle should be investigated.
